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RESEARCH MEJKHANDUM

AERODYNAMIC CHARACTERISTICS OF A FUILFSPMJ TRAILINGEDGE

CONTROL ON A 60° DELTA WING WITH AND WITHOUT A

SPOILER AT MACH NUMBER 1.61

By Douglas R. Lord snd K. R. Czsx’necki

slJMMARY

An investigation has been made at a Mach nuniberof 1.61 snd a
Reynolds nw?iberof 4.2 X 106 to determine the aerodynamic character-
istics of a full-span trailing-edge control on a 600 delta wing with
and without a partial-span spoiler mounted on the wing just ahead of
the control. Pressure distribution and hinge-moment measiwements were
made over an angle-of-attack range from O0 to 12° and a control deflec-
tion rsmge from -30° to 30°.

The pressure-distribution results indicate regions of increased
pressure due to flow separation ahead of the control at the lsrger
control deflections and also ahesd of the spoiler. Deflecting the
control has no effect on the pressures measured ahesd of the spoiler.
W turn, the spoiler has no effect on the pressures measured over the
control when the control is deflected away from the spoiler.

The control effectiveness and hinge-moment results indicate that
the 13near theory overestimates the effect of control deflection and
angle of attack for the basic wing-control configuration. The spoiler
investigated produced additional lift or roll control when used in con-
junction with the full-span control without causing an increase in con-
trol hinge mnnent, or decreased the control hinge moment while main-
taining ~he lift & roll.control produced

INTRODUCTION

by the control alone.

As part of a general program of research on controls an investiga-
tion is under wsy in the Langley 4- by k-foot supersonic pressure tunnel
to determine the important parameters in the design of controls for use
on a delta wing at supersonic speeds. The first results of the tests,
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reported in reference 1, showed the effect of control-plsm form and
.

hinge-line location on the hinge-moment characteristics for a series
of tip controls on a 600 delta wing at M = 1.61. Wre recent results, .
reported in reference 2, showed the effect of chordwise fences and
attached tabs on the hinge-moment characteristics for one of the tip

——

controls of reference I.at a Mach number of-1.61.

Further tests have been msde to determine the aerodynamic charac-
teristics of a full-span trailing-edge control on the same 60° delta
wtng used in the previous tests. h view of the encouraging ouzlook
on the use of spoilers as lateral control devices (for example, see
ref. 3), the effect of a spoiler attached to”the surface of the ti.ng
just ahead of the control hinge line was also studied. The results
of these tests are presented in this paper.

The wing angle-of-attack range was from 0° to 12° and the control
deflection range, relative to the wing, was from -30° to 30°. The
tests were conducted at a Mach number of 1.61 and at a Reynolds nuniber
of 4.2 X 106, based on the wing mean aero@mmic chord of 12.10 inches.
The control hinge moments were measured directly by means of strain
gages, and the flow and control effectiveness characteristics were

—

determined from pressure-distribution measurements.
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stresm Mach number

stream dynamic pressure

stream static pressure

local surface pressure

PZ-P
pressure coefficient, —

~

increment in P across spoiler

wing sngle.of attack

control deflection relative to wing (positive when control
trailing edge is deflected down)

distance from wing apex in chordwise direction

distance from wimg apex in spanwise direction
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H

Ch

(!JCh
.

.

wing mean aerodynamic chord

wing root chord

wing semispsn

semispan-wing plan-form srea

moment of area of control surface about hinge line

semispan-wing lift

semispan-wing root bending moment

semispan-wing pitching moment about 50 percent
wing mean aerodynamic chord

control hinge moment about hinge line

lift coefficient, L/@3

root bending-moment coefficient, B/2Sbq

pitching-moment coefficient, M’/q%

hinge-mo=nt coefficient, H/2Qq

increment in Ch due to spoiler

APPARATUS

Wind Tunnel

station of

This investigation was conducted in the Lsmgley 4- by k-foot
supersonic pressure tunnel, which is a rectmgulsr, closed-throat,
single-return type of wind tunnel with provisions for the control of
the pressure, temperature, and humidity of the enclosed air. For the
tests reported herein, the nozzle walls were set for a hhch nuniberof
1.6. At this Mach number, the test section has a width of 4.5 feet
and a height of 4.4 feet. During the tests, the stagnation pressure
was held at 15 lb/sq in, absolute and the dew-pointwas kept below -20° F
so that the effects of water conden&ation in the supersonic nozzle were
negligible.

.

.
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Model and Model Mounting —

The model used in this investigation consisted of a
wing having a full-span trailing-edge corrbrolsurface~25

NACARM L531J.7

-.—.

-—
half-c!ielta .
percent of the

wing area. The control chord was the ssme s& the pa@al-span trailing-
edge control - configuration A - in reference 1. A spoiler of height._.
equal to 5 percent of the wing mean aerodynamic chord and extending
from the root chord outward to the 57.2 percent semispan station was
mounted on the wing surface at-the 82.5-percent station of the root
chord for some of the tests. A sketch of the plsm form and cross sec-
tion of the b’asicwing with control showing the spoiler location is
presented in figure 1.

The basic wing had a 600 sweptback leading edge, a root chord
of 18.143 inches and a setispan of 10.475 inches. ~e-”wing had a
rounded NACA 63-series section extending 30 percent ro-otchord back
from the leading edge, a constant-thickness-centersection with a..-
thickness-chord ratio of 3 percent based on the root &ord, and a
sharp trailing edge. Near the wing tip, the nose section ~oined
directly to the tapered trai~ng”edge without any flat midsection.

—

The basic wing and control were constructed of st’eelwith the
pressure-tube installations made in grooves in the surface which were
faired over with bismuth-tin alloy or with a plastic inaterial. The —

105 orifices were located at seven spanwise stations E@ shown in fig-
ure 1 and at chordwise positions listed in table I. ALL screw holes,
pits, and mating lines were filled with dental plqster=and faired
smooth. The gap at the control hinge line was approximately 0.01 inch;
The spoiler was made from l/16-inch stock brass, bent to a right angle .+_
and attached to the wing surface so that the top of the spoiler was
,0.605 inch from the wing surface. .—

.

The semispan wing with control was momted horizontally in the
tunnel from a turntable in a steel bound~-lsyer bypass plate which

—

was located vertically in the test section about 10 inches from the
side wall as shown in figures 2 and 3.

TECHNIQUES AND TESTS

The model angle of attack was changed by rotating the turntable in
the bypass plate on which the wing was mounted. (See fig. 2.) The
angle of attack was measured by a vernier on the outside of the tunnel,
inasmuch as the angular deflection of the wing under load was negligible.
Control deflection was changed by a gear meclianismmo~~ed on the pres-
sure box which rotated the strsln-gage balance, the torque tube, and
the control, as a unit. The control angles were set approximately with .
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the aid of an electrical control-position indicator mounted on the torque
tube close to the wing root and were measured under load during testing
with a catheton@er mounted outside the tunnel.

Control hinge moments were determined by means of an electrical
strain-gage balance located in the pressure box (fig. 2) which measured
the torque on the tube actuating the control surface. The pressure
distributions were determined from photographs of the multiple-tube
msnometer boards to which the pressure leads from the model orifices
were connected. The wing lift, pitching-moment, smd bending-moment
coefficients were determined from integrations of the pressure dis-
tributions. As a check on the control hinge-moment coefficients mea-
sured directly, values were al-sodetermined from the integrated pressure
distributions.

Tests were actual~ made with the spoiler mounted on the upper
surface only md at both positive and negative sngles of attack. The
data are presented as if the tests were made at 0°, 6°, snd 12° angles
of attack only, without the spoiler and with the spoiler mounted on
either the upper or the lower surface of the wing. The control deflec-
tion range was from -30° to 30°, with hinge moments measured every 5°
and pressure measurements every 10°. All tests were made at a tunnel
stagnation pressure of 15 pounds per sqme inch corresponding to a
Reynolds number, based on the mean aerodynamic chord of 12.10 inches,

of 4.2 X 106.

PRECISION Cl?DATA

The mean Mach rnuiberin the region occupiedby the model is esti-
mated from calibration to be 1.61 with local variations being smaller
than +0.02. There is no evidence of my significant flow sagularities.
The overall accuracies of the integrated coefficients are not known;
however, assuming the pressure-distribution fairings to be correct,
the repeatabi~ty of the integrated coefficients snd the estimated
accuracies of other pertinent quantities are:

u,deg. . . . . . . . . . . . . . . . . . . . . . . . . . . . .ti.05
b,deg. . . . . . . . . . . . . . . . . . . . . . . . . ..... . *0.1
P . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .ti.ol
CL (frOminte~atfOns). . . . . . . . . . . . . . . . . . ..+0.05
Cb (from integrations)...... . . . . . . . . . . . . ..* O.0025
Cm (from integrations) . . . . . ... . . . . . . . . . . . . . *0.001
Ch (from direct measurements) . . . . . . . . . . . . . . . . ~.005
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RESULTS AND DISCUSSION

Pressure Distributions

Illustrative pressure distributions for the basic and spoiler con-
figurations are presented in figure 4. Pressure distributions are shown
for the three test angles of attack at zero control deflection and at
the maximum positive and negative control deflections only. It should
be pointed out that due to the limited number of orifices at each sta-
tion, the fairings are somewhat arbitrary; however, trends cm be seen.

Basic configuration.- Consider first the pressure @distributions
over the model without spoilers, as shown by the solid ‘curvesof fig-
ure 4. At a control deflection of 0°, sm increase in angle of attack
from 0° to 12° causes an increased loading over the entire chord at the
inboard stations. This increase in loading ig fairly ~=iform excePt _
near the leading edge, where localized upper-surface flow separation,
characteristic of a subsonic leading edge, occurs. Outbosrd along the
span, this upper-surface flow separation increases in chordwise extent
until it covers the entire chord.

—

Deflection of the control to *30° causes a large pressure rise on
the wing ahead of the control high-pressure surface as aresult of
separation of the turbulent boundary layer. Although for purposes of
simplicity, all the pressure distributions are”not shown, this pressure
rise does not appesr until the control deflection approaches *20°1 but .
then it moves rapidly forward with further increase in control deflec-
tion to *30°. When this separation is on the wing upper surface
(5=- 300), increasing angle of attack decreases the chordwise extent
of the separated region. When the separation.”occurson-the wing lower
surface (b = 300), increasing angle of attack causes the_separation.
point to move farther fozward. This result is more evident at stations ~
and ~ than at the inboard stations because of the lack of sufficient
orifices in the separated region at the inboard stations.

Effect of spoiler.- With the control undetected, figure 4 shows
that the pressures ahead of the spoilers behave in a similsr manner to
the pressures ahead of the control when deflected 30°. The flow ahead
of and behind a spoiler is described in detail in references 4 to 6.

In the present investigation, figure 4 shows that, at the inboard
stations, the pressure rise ahead of the spoiler is very pronounced
and extends for a considerable distance along the chord at all engles
of attack, whether the spoiler is on the upper or lower wing surface.
Outboard along the span, the magnitude end extent of the-region of higher
pressure seems to decrease ahead of the upper-surface sp~ler.

.

-

.

—

.

.

.
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With the spoiler installed, deflecting the control causes little
change in the pressures uasured ahead of the spoiler. When the control
is deflected toward the spoiler, the pressure on the spoiler side of
the control is wch more negative than that measured on the basic con-
figuration; however, the variation along the flap chord is similar to
that attained on the basic configuration. When the control is deflected
away from the spoiler, the pressures on the spoiler side of the control
sre very close to the pressures measured on the basic configuration.

The effect of angle of attack and control deflection on the expan-
sion at the spoiler, which is an indication of the chord force on the
spoiler, msy be seen more clearly on the spanwise plots of incremental
pressure coefficient across the spoiler shown in figure 5. For 5 = 00,
increasing the angle of attack of the lower-surface spoiler configura-
tion increases the pressure increment, the spsmise variation remaining
fairly uniform. When the spoiler is on the upper surface, increasing
the angle of attack decreases the pressure increment and at a = 12°,
there is a large drop in pressure increment toward the outbosrd tip of
the spoiler as a result of the ting leading-edge separation for this
condition.

The lower part of figure 5 shows the effect of control deflection
on the spoiler pressure increment for the upper-surface-spoiler con-
figuration at a = OO. For positive deflections, (that is, deflections
away from the spoiler) there is little chsmge in pressure increment.
When the control is deflected toward the spoiler, (that is, negatively)
the pressure increment decreases considerably.

Control Effectiveness

Basic COIlfi guration.- In figures 6 ad 7 are shown the experimental
and theoretical wing lift, bending-moment, and pitching-moment coeffi-
cient variations with control deflection smd angle of attack for the
basic configuration without spoilers. The theoretical curves were
obtained by the linear-theory methods of references 7 and 8. From the
plots of figures 6 and 7, it csm be seen that the experimental varia-
tions with control deflection are all fairly linear except for some of
the curves near the highest control deflections tested. W all cases,
the linear theory overestimates the effect of control deflection by a
considerable amount and overestimates the effect of angle of attack
except for the pitching-moment coefficient (fig. 7(c)), for which
linear theory predicts no change due to angle of attack. The lack of
agreement between experhmtal and.theoretical control effectiveness
is the result of viscous effects and the limitations of the linesr
theory. .The viscous loss in Mft and bending moment is due primarily
to the separation from the upper surface of the wing nesr the tip and
separation from the low-pressure surface of the control over the
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complete span. The change in pitching moment is due to the same fat-
tors and in addition is affected by the carryover of load ahead of the
control hinge line, which results in a forward shift of the center of
pressure for large control deflections.

Effect of spoiler.- The variations of wing lift, bending-moment,
and pitching-moment coefficients with control deflection and angle of
attack for the model having the spoiler on the upper s_yrfaceare pre-
sented in figures 8 and 9. Similar plots for the lower-surface spoiler
configuration are presented in figures 10 and 11. ThQvariations for
the basic configuration without spoiler are shown for comparison.

From figures 8 and 10 it is evident that when the control is
deflected away from the spoiler, the slopes of the coe~ficient varia-
tions with b are little affected by the spoiler. W@n the control
is deflected toward the spoiler, the slopes of the coefficient varia-
tions with 8 are decreased in magnitude.

From figures 9 and 11, it can be seen that the spoiler is most
effective when yrojected in the opposite direction to @e trailing-
edge control deflection. For all control de-flections,-thespoilers
have little effect on the slopes of the curves with angle of attack.

Spoiler control in conjunction with flap-t~e control.- From ffg-
ures 8 to 11 it csm be seen that over most of the angle-rage of the
tests, projecting the spoiler on the proper surface could be used to -
increase the lift or rolling moment (bendingmoment) beyond that pro-
duced by the flap control alone. For this particular spoiler location,
the spoiler helped the flap control develop pitch in only a small
region near b = OO.

Spoiler control as compared with flap-type contro~.- Although only
one spoiler configuration was tested during these tests, it may be of
interest to compare the effectiveness of the spoiler in producing lift,
bending-moment, and pitching-moment, with the effectiveness of the basic
flap-type control. In figure 12 are shown the curves for the control .
deflection required on the basic configuration to produce the effec-
tiveness given by the spoiler mounted on the upper or lower surface of
the wing with the control unreflected. ‘I!hesecurves show that, in
general, the spoiler tested produces as much_lift or bending moment as
a flap-control deflection of from 40 to 8°, though analysis of the
pressure distribution indicates that the spoiler would cause a much
larger drag increment than would the deflected control;”-The spoiler
tested is very ineffective for pitch control since the-~enter of pres-
sure of the incremental spoiler load is very near the moment center of
the wing. It is to be expected that more rearward location of the
spoiler would give more favorable pitch-control characteristics. It
is entirely possible that improved overall effectiveness could be

.
—
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.
obtained by other modifications, such as spoiler height, span, spanwise
location, snd sweep.

.

Control Hinge Mmnents

Basic configuration.- The experimental and theoretical hinge-
moment-coefficient variations with control deflection and angle of
attack for the basic configuration are presented in figure 13. Ih
figure 13(a), the experimental data obtained from the integrated pres-
sure distributions on the control sre identified by the synibols,and
the experimental data obtained from the strain-gage-balance measurements
are identified by the solid curves. The agreement between the two
methods of determining the hinge moments seems remarkably good, con-
sidering the small nmiber of spsmwise orifice stations. ThiS should
be indicative of the reliability of the effectiveness coefficients
discussed preciously, which were obtainable only from the pressure-
distribution integrations.

The experimental variations of hinge-moment coefficient with b
are fairly Mnear except at the highest deflections tested, whereas
the variations with a are all essentially linear. As was the case
with the effectiveness predictions, the linesr theory considerably
overestimates the slopes of the hinge-moment coefficient curves with
control deflection and sngle of attack.

Effect of spoiler.- The variations of the control hinge-moment
coefficient with control deflection snd angle of attack are presented
in figures 14 snd 15 for the upper-surface and lower-surface spoiler
configurations as compared with the variations for the basic configura-
tion. The hinge-moment coefficients determined from the pressure dis-
tributions are again in fairly good agreement with those measured
directly. The control hinge-moment coefficients measured with the
spoilers installed on the wing sre unchanged from those measured on
the basic wing, except when the control is deflected toward the spoiler.
For these conditions, appreciable reductions in the magnitude of the ~
hinge-moment coefficients are obtained for the spoiler configurations.

The variations of these incremental hinge-moment coefficients with
control deflection for the two spoiler configurations at the three test
angles of attack are shown in more detsil in figure 16. The change in
the incremental variations with angle of attack was relatively small
for the range investigated.

.

.
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CONCLUDING REMARKS
. .

An investigation has been made at a Mach number if 1.61 and a -
Reynolds nunber of 4.2 x 106 to determine the aerodyn&ic characteristics
of a full-span trailing-edge control on a 6Q” delta ti-ngwith and with-
out a partial-span spoiler mounted on the ting just ahead of the control.
Tests were made at angles of attack from O0 to 1.2°and for control
deflections from -30° to 30°.

The pressure distributions indicate large regions of increased
pressure due to separation of the turbulent boundary layer ahead of the
control at the larger control deflections and also ahead of the spoiler.
Deflecting the control has no effect on the pressures measured ahead of
the spoiler. In turn, the spoiler has no effect on the pressures
measured over the control when the control is deflected awsy from the
spoiler.

.-.—

.—

—
—

In general, the Linear theory overestlmtes the effect of control
deflection and angle of attack on the control effectiveness and hinge-
moment coefficients of the basic wing-control configuration.

For most of the range of angles tested, the spoiler investigated ..
produced additional lift or roll control when used in conjunction with
the full-span control without causing any control hinge-moment penalty,
or decreaaed the control hinge moment while rgai.ntainingthe lift or
roll control produced by the control alone. ‘-

.J,:,-..

-0 .

Langley Aeronautical Laboratory,
National Advisory Conmittee for Aeronautics, -

Langley Field, Vs., December 1, 1953. .

.
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surface spoiler configuration and the basic configuration.
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